In this study, we examined the effect of certain analytical procedures to deter mine the best method of recovering the ingested retinoids, specifically retinol and retinyl palmitate, from rat liver and serum. In this experiment, the best extraction solvent for retinol was n-hexane and that for retinyl palmitate was ethyl acetate. The best results were obtained using a mobile phase (n-hexane-diethyl ether, 76:24, v/v) as the sample solvent in the assay for liver retinol, similarly, chloroform as the sample solvent in the assay for serum retinol, and for liver retinyl palmitate, the best sample solvent was methanol-toluene (5:5, v/v). The assayed values of retinol and retinyl palmitate measured in ethanol (0125% .BHT added) and extraction solvent (0.025% BHT added) were significantly higher than those when no BHT was added to the ethanol and extraction solvent. The determina tion methods for extracting retinol and retinyl palmitate from the liver varied according to the conditions layed out above. Simultaneous determination of retinol and retinyl palmitate has been illustrated in previous papers by various authors; however, we found that the indi vidual determination of retinol and retinyl palmitate was necessary to accurately assay each retinoid.
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In this study, we examined the effect of certain analytical procedures to deter mine the best method of recovering the ingested retinoids, specifically retinol and retinyl palmitate, from rat liver and serum. In this experiment, the best extraction solvent for retinol was n-hexane and that for retinyl palmitate was ethyl acetate. The best results were obtained using a mobile phase (n-hexane-diethyl ether, 76:24, v/v) as the sample solvent in the assay for liver retinol, similarly, chloroform as the sample solvent in the assay for serum retinol, and for liver retinyl palmitate, the best sample solvent was methanol-toluene (5:5, v/v). The assayed values of retinol and retinyl palmitate measured in ethanol (0125% .BHT added) and extraction solvent (0.025% BHT added) were significantly higher than those when no BHT was added to the ethanol and extraction solvent. The determina tion methods for extracting retinol and retinyl palmitate from the liver varied according to the conditions layed out above. Simultaneous determination of retinol and retinyl palmitate has been illustrated in previous papers by various authors; however, we found that the indi vidual determination of retinol and retinyl palmitate was necessary to accurately assay each retinoid. Key Words retinol, retinyl palmitate, analytical condition, HPLC analysis, liver and serum Figure  1A , B and C shows chromatograms of standard retinol, liver retinol, and serum retinol. Figure  1D and E shows chromatograms of standard retinyl palmitate and liver retinyl palmitate. These chromatograms were obtained by the method described above. Extraction solventn. N-hexane (4-11), chloroform (12) and ethyl acetate (13) have often been used as ex traction solvents by many researchers, and they were similarly used for this experiment (Fig. 2) . The meas ured values of retinol in liver and serum were signifi cantly high when n-hexane was used as an extraction solvent. On the other hand, the amount of retinyl palmitate extracted by ethyl acetate was much larger than that extracted by n-hexane, and larger than that by chloroform. The observed value of retinyl palmitate extracted by ethyl acetate was 7 times higher than that by n-hexane. Although Barua (13) used ethyl acetate as an extraction solvent in the determination of retinol and retinyl palmitate, n-hexane has usually been used as an extraction solvent for retinyl palmitate (4, 6, 8). Therefore, the true content of retinyl palmitate in liver biopsies recorded during previous reports using n hexane as an extraction solvent may need to be recon sidered for accuracy, we found that the superior extrac tion solvent for retinol determination was n-hexane, and for retinyl palmitate it was ethyl acetate.
Sample solvent. N-hexane, ethyl acetate, chloroform, methanol (8, 12), ethanol (7), methanol-dichloro methane (6:4,v/v) (13), methanol-toluene (5:5, v/v), isopropanol (4) and a mobile phase were selected as sample solvents in this experiment, and the amounts of retinol and retinyl palmitate measured in them were compared (Fig. 3) . The amount of liver and serum retinol observed using the mobile phase and chloroform as sample solvents was significantly larger than that of other sample solvents. Measured retinol amounts using the mobile phase and chloroform were not significantly different. The amount of retinyl palmitate measured using methanol-dichloromethane (6:4,v/v) and methanol-toluene (5:5,v/v) as sample solvents was larger than that in other sample solvents. The differ ence of retinyl palmitate amounts measured in these two sample solvents was not significant. Accordingly, the most suitable sample solvent in the assay for liver retinol was the mobile phase (n-hexane-diethyl ether Effect of an antioxidant. Some authors added an an tioxidant to stabilize vitamins during the extraction process. They added it to the ethanol phase (13), to the extraction solvent (11), and to the ethanol phase and extraction solvent (5, 6, 10). On the other hand, one author reported that its addition did not show any effect on the concentrations of retinol and retinyl palmitate (5). We investigated the effect of BHT concentration shown by Chow and Omaye (14) on the retinol and retinyl palmitate amounts measured in the liver and serum. BHT was added to the ethanol phase (0, 0.125 and 0.250% concentrations) and to the extraction sol vent (0, 0.025 and 0.050% concentrations) ( Table 1 ). The addition of BHT to ethanol and the extraction sol vent increased the retinol and retinyl palmitate amounts measured in the liver and serum. But increas ing the BHT concentration in the ethanol and extrac tion solvent did not raise the amount of retinol and retinyl palmitate measured in either the serum or liver. For our purpose, we decided that the addition of BHT to ethanol (0.125%) and the extraction solvent (0.025%) was necessary for the assay of retinol and retinyl palmi tate, Frequency of extraction and samples volumes. We in vestigated the effects of frequency of extraction using solvent on the observed amounts of retinol and retinyl palmitate. When the frequency of extraction was three and tenfold, the observed amounts of retinol and retinyl palmitate were larger than that of a single extraction. But the difference in amount between three and tenfold extractions was not significant. We chose a frequency of extraction of 3 in this experiment. The sample volume in analysis resulted in maximum retinol and retinyl palmitate contents of more than 0.6mL for liver ho mogenate and over 035mL for serum. These data are not presented in tabular form in this paper.
Recovery. The recovery of retinol and retinyl palmi tate using an ethanol phase was calculated from the data obtained by the method that observed the highest recovery amounts of retinol and retinyl palmitate. In the case of retinol, the recovery process yielded 83.5% (n=5) from liver and 8 7.7% (n= 5) from serum. For that of retinyl palmitate from the livers, the yield was 103.5% (n=5).
Generally, the HPLC procedure for the retinoid analy sis consists of a reverse phase column and a UV detec tor. When a UV detector was used in retinoid analysis, the instrument recorded overlapping peaks of retinol and BHT (15). When BHT was used as an antioxidant in the retinoid assay and a fluorescence detector was used in the HPLC procedure, the BHT peak could not be recorded and thus did not interfere with the recorded retinol peak.
In this experiment, we found that the measured amounts of retinyl palmitate in the liver varied depend ing on the kind of extraction solvent and sample solvent employed, and similarly for the measured amounts of retinol. To determine accurate amounts of retinol and retinyl palmitate in rat livers and serum, we consider it necessary to use the most appropriate extraction solu tion and analytical procedure. Individual extraction of accumulated retinol and retinyl palmitate proved to be a more accurate procedure.
